1 



INK CARTRIDGE 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The invention relates to an ink cartridge for use with a printing apparatus 
capable of performing printing via a liquid ink. 

2. Description of Related Art 

[0002] In an ink jet print head for use with a printing apparatus, such as an ink jet 
printer, a curved surface (meniscus) of ink liquid needs to be formed in ink nozzle openings 
of the ink jet print heads for printing to be performed properly. For the meniscus to be 
formed for proper printing, appropriate negative pressures need to be applied and maintained 
while ink is supplied. 

[0003] A compact and lightweight ink cartridge exists that is used for a portable 
printer and the like, having a structure such that ink contained in a flexible bag of an ink pack 
is supplied to a print head from the ink pack through an ink extracting needle inserted into the 
ink pack. The ink cartridge having the flexible ink pack may maintain negative pressures 
therein due to the rigidity and strength of the bag. 

[0004] However, to certainly apply and maintain the appropriate negative pressures 
for the above-described reasons, an upper supporting spring 151 is used in the following 
manner. As shown in Fig. 13, a thin sheet-like bag of an ink pack 109a is horizontally 
provided. The lower surface of the ink pack 109a is adhered to the lower surface of an ink 
pack housing 192 of an cartridge body 191, which has a generally box shape. To the upper 
surface of the ink pack 109a, an upper supporting spring 151 whose one end is secured by the 
cartridge body 191, is adhered. Using only one upper supporting spring 151, the ink pack 
109a is urged/pulled so as to expand upwardly. In such ink cartridge, negative pressures can 
certainly'be applied to the ink by the upper supporting spring 151 . 

[0005] In the ink cartridge employing above-described structure, the ink extracting 
needle 1 10 for extracting ink needs to be inserted into the ink pack 109a. For the ink 
extracting needle 1 10 to be easily inserted, the upper and lower surfaces of the ink pack 109a 
are fixed to the upper supporting spring 151 or the cartridge body 191. The ink extracting 
needle 1 10 is inserted into an insert portion 109c provided in the substantially central portion 
of the ink pack 109a when it is fixed with the upper and lower surfaces thereof, so that the 
sharp pointed end of the needle does not interfere with the bag of the ink pack 109a. 
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[0006] Since the ink cartridge of this invention has two plate springs, they can be 
disposed according to the shape of the ink pack, and the ink pack can be urged/pulled 
upwardly and downwardly so as to apply negative pressures thereto. The ink remaining in 
the ink pack can be reduced and greater amounts of ink can be used from the ink pack 
urged/pulled by two plate springs than that urged/pulled by one plate spring, if the ink pack 
contains the same amount of ink. Consequently, the running costs of the printer are cut down 
and the time during which the printer can continuously be used becomes long. 

[0007] Furthermore, since the two plate springs are used to urge/pull the ink pack, 
appropriate negative pressures can be applied to the ink pack in a wider range with respect to 
the amount of ink usage, than one plate spring used to apply negative pressures, wherein 
small amounts of urging/pulling forces are applied to the ink pack filled up with the ink and 
when the ink is used and the volume of the ink decreases, the greater amount of 
urging/pulling forces are applied as the application point of the urging/pulling forces is 
changed and the plate spring bends down. Since the appropriate negative pressures can be 
maintained from the start to the end of the ink usage using two plate springs, meniscuses 
(curved surfaces) of ink liquid are properly formed in the nozzles of the ink jet print head and 
poor printing, such as excessive amounts of ink droplets ejected, splattered inks, ink blurred, 
and no ink ejected will not occur. 

[0008] In the ink cartridge of the invention, at least one of the pair of plate springs 
is supported near the ink extracting portion so as to dispose the ink extracting needle 
therebetween when the ink extracting needle is inserted. 

[0009] Since the ink cartridge of this invention has two plate springs, they can be 
disposed according to the shape of the ink pack, especially according to the position of the 
ink extracting needle, and the ink pack can be urged/pulled upwardly and downwardly as to 
apply negative pressures thereto. The ink remaining in the ink pack can be reduced and a 
greater amount of ink can be used from the ink pack urged/pulled by two plate springs than 
that urged/pulled by one plate spring, if the ink pack contains the same amount of ink. 
Consequently, the running costs of the printer are cut down and the time during which the 
printer can continuously be used becomes long. 

[0010] The at least one of the pair of plate springs has a substantially C- or O 
shaped outer portion whose one end is movably supported at the housing and a central 
portion movably supported with an inner surface of the outer portion at the opposite side of 
the supporting portion of the outer portion, wherein the central portion is fixed to the ink 
pack. 
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[0011] Since the substantial length of the plate spring can be extended, the 
appropriate urging/pulling forces can be applied when the application point of the 
urging/pulling forces to the ink pack is greatly changed, and appropriate negative pressures 
can be applied to the ink pack in a wide range with respect to the amount of ink usage. Since 
the appropriate negative pressures can be maintained from the start to the end of the ink 
usage, meniscuses (curved surfaces) of ink liquid are properly formed in the nozzles of the 
ink jet print heads and the poor printing, such as an excessive amount of ink droplets ejected, 
splattered inks, ink blurred, and no ink ejected will not occur. 

[0012] The substantially C- or O-shaped outer portion of the at least one of the pair 
of plate springs whose one end is movably supported at the housing, is supported at the 
portion opposite to that which the outer portion of the other plate spring is supported at. 

[0013] Therefore, the two plate springs interact with each other to maintain 
appropriate negative pressures and to effectively reduce the ink remaining in the ink pack. 

[0014] In the ink cartridge of this invention, the pair of plate springs are uniformly 

formed. 

[0015] Therefore, it becomes possible to effectively produce one piece of plate 

spring. 

[0016] Further, the housing contains a plurality of the ink packs. 

[0017] Therefore, it becomes possible to supply a plurality of inks to a printing 
apparatus that performs printing using a plurality of inks for color printing. 

[0018] In the ink cartridge of the invention, the ink is supplied to an ink jet print 
head included in an image forming apparatus. 

[0019] Therefore, it becomes possible to properly supply the ink to the ink jet print 
head of the image forming apparatus. 

[0020] In accordance with the invention, an ink cartridge includes a flexible bag of 
an ink pack that contains liquid ink, a housing that houses the ink pack, a first urging/pulling 
device that urges/pulls the bag of the ink pack to apply negative pressures to the liquid ink 
contained in the ink pack, a second urging/pulling device that applies negative pressures with 
smaller amounts of force than the first urging/pulling device does, a releasing device that 
releases the first urging/pulling device therefrom. 

[0021] Since the releasing device releases the first urging/pulling device therefrom 
according to the amount of ink in the ink pack, appropriate negative pressures can be 
maintained with different amounts of urging/pulling forces applied. By adjusting the 
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pressure of the liquid ink to be supplied at negative pressures appropriate for printing, proper 
meniscuses can be formed, and high-quality printing can be produced. 

[0022] The releasing device includes an engagement portion fixed to the ink pack 
and an engagement catch, provided on the first urging/pulling device, to be engaged in the 
engagement portion, wherein the engagement catch engaged in the engagement portion is 
released by the positional change of the engagement portion due to the decrease in the 
amount of ink in the ink pack. 

[0023] Since the releasing device releases the first urging/pulling device therefrom 
using the engagement portion that changes its position according to the amount of ink used, 
urging/pulling forces are adjusted according to the amount of ink used. Therefore, the 
appropriate urging/pulling forces are applied regardless of the amount of ink used, applying 
negative pressures appropriate for printing, to the ink. 

[0024] Further, the releasing device has the engagement portion fixed to an opposite 
side of the ink pack fixed to the inner wall of the housing with a portion thereof and the 
engagement catch of a plate spring forming the first urging/pulling device whose one end is 
fixed to the inner wall of the housing with the predetermined supporting point, wherein the 
engagement catch is engaged in the engagement portion so as to urge/pull the ink pack to 
apply negative pressures thereto when more than a predetermined amount of liquid ink are 
filled in the ink pack, and the engagement portion releases the engagement catch therefrom 
when the predetermined amount of ink is used from the ink pack by changing its position 
downwardly from the supporting point of the first urging/pulling device as the ink is used. 

[0025] Since the walls of the ink pack deform or move when ink is used, when a 
predetermined amount of ink is used the first urging/pulling device is mechanically released 
with the use of deformation or movement of the walls of the ink pack. After the first 
urging/pulling device is released, the second urging/pulling device is employed to apply 
appropriate urging/pulling forces to the ink pack. Therefore, the appropriate urging/pulling 
forces are applied regardless of the amount of ink used, applying negative pressures 
appropriate for printing, to the ink. 

[0026] The releasing device includes a guide member to guide the positional change 
of the engagement portion. 

[0027] Since the guide member guides the engagement portion, and regulates the 
path of the engagement portion according to the amount of ink used, the distance from the 
supporting points of the first urging/pulling device to the engagement portion is accurately 
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regulated according to the amount of ink used, and the first urging/pulling device can be 
released at the right time when the predetermined ink is used. 

[0028] Furthermore, the releasing device includes the guide member to guide the 
end of the engagement catch. 

[0029] Since the engagement catch changes its position with the end of the 
engagement catch regulated by the guide member, the first urging/pulling device can be 
released at the right time when the predetermined ink is used. 

[0030] The second urging/pulling device urges/pulls the ink pack with the elasticity 
of the ink pack. 

[0031] Since the second urging/pulling device uses the elasticity of the ink pack, 
other urging/pulling mechanisms do not have to be provided. Therefore, the compact design 
of the ink cartridge can be pursued. 

[0032] The ink pack is urged/pulled with the rigidity and strength on the walls 
increased by the lamination of a plurality of synthetic resin films. 

[0033] Since the rigidity and strength of the walls of the ink pack are increased by 
the lamination of a plurality of synthetic resin films, the appropriate negative pressures can be 
applied to the ink to be supplied. 

[0034] The second urging/pulling device urges/pulls the ink pack by a plate spring 
attached to the ink pack. 

[0035] Since the plate spring is used to urge/pull the ink pack, the appropriate 
urging/pulling forces can be applied regardless of the ink pack material by flexibly adjusting 
the elasticity of the plate spring. 

[0036] In the ink cartridge of the invention, a plurality of ink packs are provided. 

[0037] Since a plurality of ink packs are provided, it can accommodate a printing 
apparatus that performs color printing or that produces various tones of colors. 

[0038] The housing has an ink extracting portion having a rubber member into 
which a hollow ink extracting needle is inserted to extract the ink from the ink pack contained 
in the housing. 

[0039] Therefore, it becomes possible to extract the ink from the ink pack via the 
ink extracting needle, and the constriction of the ink pack can be simplified. Furthermore, 
even if the ink is leaked out of the portion where the ink extracting needle is inserted, the ink 
extracting portion having the rubber member prevents the ink from leaking out of the ink 
cartridge, so that the printing apparatus or its users will not be soiled with the ink. 



6 

[0040] The ink is supplied to an ink jet print head included in an image forming 
apparatus. 

[0041] The liquid ink whose pressures are kept at the appropriate negative pressures 
can be supplied to an ink jet print head which is easily affected especially by the negative 
pressures of the liquid ink to be supplied. Therefore, the meniscuses can be properly formed, 
producing the high-quality images. 

[0042] In the ink cartridge of the invention, the ink is supplied to the ink jet print 
head via a tube. 

[0043] Since appropriate negative pressures are applied to the liquid ink despite the 
pressures attributable to the height differences between the bag of the ink pack and the ink jet 
print head, the liquid ink whose pressures are kept at the appropriate pressures, can be 
supplied from the bag of the ink pack to the ink jet print head via the tube. Therefore, high- 
quality images can be produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] The preferred embodiments of the invention will be described in detail with 
reference to the following figures wherein: 

[0045] Fig. 1 is a front view of an exterior of a portable printer according to an 
embodiment of the invention; 

[0046] Fig. 2 is a partially cutaway perspective view of the portable printer for 
schematic illustration of an internal structure of the printer; 

[0047] Fig. 3 A is a plan sectional view of the portable printer taken on line III-III of 
Fig. 1, illustrating a state assumed by a harness as print heads move, wherein a carriage is at 
the leftmost position; 

[0048] Fig. 3B is a plan sectional view of the portable printer similar to the 
sectional view of Fig. 3 A, wherein the carriage is at an intermediate position; 

[0049] Fig. 3C is a plan sectional view of the portable printer similar to the 
sectional view of Fig. 3 A, wherein the carriage is at the rightmost position; 

[0050] Fig. 4 is a schematic partial sectional view of the portable printer taken on 
line IV-IV of Fig. 1, viewed from the right-side end of the portable printer; 

[0051] Fig. 5 is a schematic sectional view of the portable printer taken on line V-V 
of Fig. 4, viewed from the right-side end of the portable printer; 

[0052] Fig. 6 is a schematic partial sectional view of the portable printer taken on 
line VI- VI of Fig. 1, viewed from the upper side of the portable printer; 

[0053] Fig. 7 A is a plan view of the upper supporting spring 5 1 ; 



[0054] Fig. 7B is a side view of the upper supporting spring 51; 

[0055] Fig. 8A is a plan view of the lower supporting spring 52; 

[0056] Fig. 8B is a side view of the lower supporting spring 5 1 ; 

[0057] Fig. 9 is a plan sectional view of the small ink pack 9a taken on line Z-Z of 
Fig. 4, viewed from the upper side of the small ink pack 9a; 

[0058] Fig. 10 is a plan sectional view of the small ink cartridge 9 wherein the small 
ink pack 9a and the upper supporting spring 5 1 are removed from the state shown in the Fig. 
9; 

[0059] Fig. 1 1 is a schematic sectional view of the small ink pack 9 taken on line 
XI-XI of Fig. 6, illustrating a state that the small ink pack 9a is filled up with ink; 

[0060] Fig. 12 is a schematic sectional view of the small ink pack 9a taken on line 
XI-XI of Fig. 6, illustrating a state that the ink in the small ink pack 9a is reduced; 

[0061] Fig. 13 is a schematic sectional view of the conventional small ink pack 
from a perspective similar to a view that would be taken on line XI-XI of Fig. 6, illustrating a 
state that the conventional small ink pack is filled up with ink; 

[0062] Fig. 14 is a schematic sectional view of the conventional small ink pack 
from a perspective similar to a view that would be taken on line XI-XI of Fig. 6, illustrating a 
state that the ink in the conventional small ink pack is reduced; 

[0063] Fig. 1 5 A is a plan view of the small ink pack 9a; 

[0064] Fig. 1 5B is a side view of the small ink pack 9a; 

[0065] Fig. 16A is a plan view of a supporting spring 251 and an engagement 
portion 252; 

[0066] Fig. 16B is a plan view of the supporting spring 251 and the engagement 
portion 252 engaged with each other; 

[0067] Fig. 17 is a plan sectional view of the small ink pack 9a taken on line Z-Z of 
Fig. 4, viewed from the upper side of the small ink pack 9a; 

[0068] Fig. 18 is a schematic figure showing the relationship between an 
engagement catch 251b and the engagement portion 252 for the former to be released from 
the latter; 

[0069] Fig. 19 is a figure showing the supporting spring 251 and the engagement 
portion 252 of one embodiment of the invention; 

[0070] Fig. 20 is a schematic sectional view of the small ink pack 9 taken on line 
XI-XI of Fig. 6, illustrating a state that the small ink pack 9a is filled up with ink; 

[0071] Fig. 21 is a schematic sectional view of the small ink pack 9 taken on line 
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XI-XI of Fig. 6, illustrating a state that the ink in the small ink pack 9 is reduced from the 
state shown in Fig. 20; 

[0072] Fig- 22 is a schematic sectional view of the small ink pack 9 taken on line 
XI-XI of Fig. 6, illustrating a state that the ink in the small ink pack 9 is reduced from the 
state shown in Fig. 21; 

[0073] Fig. 23 is a schematic sectional view of the small ink pack 9 taken on line 
XI-XI of Fig. 6, illustrating a state that the ink in the small ink pack 9 is reduced from the 
state shown in Fig. 22; 

[0074] Fig. 24 is a graph showing the relationship between the amount of ink used 
from the small ink pack 9a and the internal pressure in the small ink pack 9a; 

[0075] Fig. 25 A is a figure showing an engagement catch guide (supporting spring- 
side guide) 254a of one embodiment of the invention; 

[0076] Fig. 25B is a figure showing the engagement catch guide (supporting spring- 
side guide) 254a guided by an engagement catch guide (cartridge body-side guide) 254b; 

[0077] Fig. 26A is a figure showing a state before the engagement catch guide 
(supporting spring-side guide) 254a is guided by the engagement catch guide (cartridge body- 
side guide) 254b; 

[0078] Fig. 26B is a figure showing a state that the engagement catch guide 
(supporting spring-side guide) 254a is guided by the engagement catch guide (cartridge body- 
side guide) 254b; and 

[0079] Fig. 26C is a figure showing a state that the guidance of the engagement 
catch guide (supporting spring-side guide) 254a by the engagement catch guide (cartridge 
body-side guide) 254b, have been released. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0080] A first preferred embodiment embodying the invention will be explained 
referring to the figures. Fig. 2 is a partially cutaway perspective view of a portable printer for 
schematic illustration of an internal structure of the printer 1. As shown in Fig. 2, the 
portable printer 1 includes a large ink cartridge 8 and a small ink cartridge 9 (hereinafter, 
collectively referred to as the "ink cartridges 8, 9") disposed at predetermined positions. The 
portable printer 1 performs printing by supplying ink from the ink cartridges 8, 9 to a right- 
side print head 15 and a left-side print head 16 (hereinafter, collectively referred to as the 
"print heads 15, 16"), and ejecting ink from right-side nozzles 15a and left-side nozzles 16a 
(hereinafter, collectively referred to as the "nozzles 15a, 16a") arranged in the print heads 15, 
16, while reciprocatingly moving a carriage 27 on which the print heads 15, 16 are mounted, 
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in main scanning directions perpendicular to the direction of sheet conveyance. 

[0081] Fig.l is an external front elevation of the portable printer 1 according to the 
embodiment of the invention. As shown in Fig. 1, the portable printer 1 has a printer body 3 
which is a case having a generally rectangular box shape. A sheet discharge opening 4 
having a generally rectangular shape that is elongated in the longitudinal direction of the 
portable printer 1 (right-to-left direction in Fig. 1), is formed in a substantially center portion 
in a lower portion of the printer body 3. The sheet discharge opening 4 is an opening to 
discharge the print sheet PP after printing. The elongated width of the sheet discharge 
opening, that is, the dimension thereof in the longitudinal direction of the portable printer 1, 
is defined corresponding to the width of the print sheet PP. In the portable printer 1 of the 
embodiment, the elongated width of the sheet discharge opening 4 is greater than the width of 
the A4-size sheets (approx. 210 mm). An upper portion of the portable printer 1 has a lid for 
replacement of the ink cartridges 8, 9. 

[0082] In Fig. 2, an arrow X indicates the direction of conveyance of the print sheet 
PP and an arrow Y indicates the moving direction of the print heads 15, 16 during main 
scanning. 

[0083] The printer body 3 also serves as a body frame 6 having a generally 
rectangular box shape. Generally rectangular shelf-shaped cartridge frames 5 are disposed in 
an upper space la of the body frame 6. A partition plate 5a extends below the cartridge 
frame 5 throughout substantially the entire length of the body frame 6 along the rearward side 
thereof, separating the upper space la from a lower space lb. The partition plate 5a defines 
an opening in front thereof, whereby the upper space la communicates with the lower space 
lb. The ink cartridges 8, 9 are arranged horizontally on the cartridge frame 5 positioned over 
the partition plate 5a, with their upper surfaces being flush with one another. 

[0084] Disposed in the lower space lb of the body frame 6 of the portable printer 1 
is the carriage 27 which reciprocatingly moves within the printer body 3 toward and away 
from arrow Y, that is, in the main scanning directions. The carriage 27 carries thereon the 
print heads 15, 16 aligned in the main scanning directions, and the print heads 15, 16 eject ink 
for printing. The right-side print head 15 is provided with the right-side nozzles 15a arranged 
along the lower surface of the head. More specifically, the nozzle 15a define two rows of 
many nozzles openings that are arranged in the sheet conveyance direction X, and each 
nozzle opening is equipped with a piezo-electric element. 

[0085] The nozzle openings in one of the two row are filled with magenta ink 
supplied from a corresponding ink bag of a large ink pack of the large ink cartridge 8. The 
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nozzle openings in the other row are filled with black ink supplied from a corresponding ink 
bag of the large ink pack. Similarly, the left-side print head 16 is provided with the left-side 
nozzles 16a arranged along a lower surface of the head, and each nozzle opening is filled 
with a yellow or a cyan ink. Then, yellow, magenta, cyan, and black is ejected from the rows 
of the nozzle openings to perform color printing. 

[0086] When the voltage is applied to the nozzles 15a, 16a equipped with piezo- 
electric elements, the changes in shapes of the nozzles 15a, 16a occur in proportion to the 
applied voltage, and the nozzles 15a, 16a flex. The flexing nozzles 15a, 16a eject ink from 
the nozzle openings onto the print sheet PP, thus performing printing. 

[0087] The two generally rectangular box-shaped ink cartridges 8, 9 are detachably 
disposed in a horizontal posture on the cartridge frame 5 within the upper space la of the 
portable printer 1 , that is, above the print heads 15,16. 

[0088] Of the ink cartridges 8, 9, the large ink cartridge 8 disposed on the left side 
in Fig. 2 houses two ink packs containing ink which are to be ejected from the right-side print 
head 15. One ink pack contains the magenta ink, and the other contains the black ink. A 
lower portion of the large ink cartridge 8 has a waste ink reservoir 8b that holds waste ink 
sucked by a purge operation (described below) to prevent the nozzles of print heads 15, 16 
from being clogged with ink. 

[0089] Immediately to the right of the large ink cartridge 8 in Fig. 2, the small ink 
cartridge 9 is detachably disposed in a horizontal posture with the upper surface thereof being 
flush with that of the large ink cartridge 8. Similar to the large ink cartridge 8, the small ink 
cartridge 9 houses two ink packs 9a containing ink which are to be ejected from the left-side 
print head 16. One ink pack 9a contains the yellow, and the other contains the cyan ink. The 
small ink cartridge 9 and the small ink pack 9a are smaller than the large ink cartridge 8 and 
the large ink pack, respectively. That is, the amount of ink contained is less in the small ink 
pack 9a than in the large ink pack. More specifically, each large ink pack is capable of 
containing 8 ml of ink whereas each small ink pack 9a is cable containing only 5.5 ml of ink. 
The capacities of ink pack are thus set because of different ink ejection amounts of nozzles 
15a, 16a of the print heads 15, 16. 

[0090] The structure common to the ink cartridges 8, 9 will be described in detail 
taking the small ink cartridge 9 as an example. Fig. 9 is a schematic sectional view of the 
small ink cartridge 9 taken on line Z-Z of Fig. 4, viewed from the upper side of the small ink 
pack 9a. A lid of the cartridge body is omitted from the illustration. As shown in Fig. 9, the 
small ink cartridge 9 is covered with the cartridge body 91 that has a hollow rectangular box 
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shape and is formed from rigid synthetic resins such as polypropylene. The cartridge body 91 
has an ink pack housing 92 therein that contains two bags of the small ink packs 9a. 
Provided in the side surface in the longitudinal direction of the cartridge body 91 are two 
extraction openings 98. The extraction opening 98 is a portion where the ink extracting 
needle 10 is inserted and has a cylindrical opening into which a disk-shaped rubber plate is 
fixedly inserted. The rubber plate is pricked with a sharp pointed end of the ink extracting 
needle 10. The ink extracting needle 10 is further inserted into an insert portion 9c of the 
small ink pack 9a to extract the ink from the small ink pack 9a via an extracting hole 10a 
provided at the end of the hollow ink extracting needle 10. 

[0091] Fig. 15A is a plan view of the small ink pack 9a housed in the ink pack 
housing 92. Fig. 15B is a side view of the small ink pack 9a. As shown in Fig. 15 A, the ink 
packs, 9a housed in the ink cartridges 8, 9 are formed by generally rectangular-shaped bags. 
Each ink pack, 9a is formed by a laminate film material obtained by laminating a plurality of 
film sheets, for example, approximately 10 film sheets of polyethylene resin or the like. The 
film sheets are folded in half and its circumference is welded by head to tightly seal ink 
therein. Sealed portions 9b are provided at the upper, lower, and left sides of Fig. 15 A. Near 
the substantially center of the right-side portion of Fig. 15A which is not the sealed portion 
9b, the insert portion 9c where the ink extracting needle 10 is inserted is provided. The insert 
portion 9c does not have any special devices, but due to the elasticity of resin of the bags of 
the small ink pack 9a, the film material around the ink extracting needle 10 inserted into the 
small ink pack 9a sticks to the ink extracting needle 10. Therefore, the ink will not be leak 
from the small ink pack 9a. 

[0092] Fig. 7A is the plan view of the upper supporting spring 51. Fig. 7B is a side 
view of the upper supporting spring 51. As shown in Fig. 7 A, the upper supporting spring 51 
is formed by punching and bending an elastic plate spring made of a thin plate of stainless 
steel. The upper supporting spring 51 has a substantially E- or C-shaped outer portion 51a, a 
fixing portion 51c, central supporting portions 51e, and a central portion 51b. As shown in 
Fig. 7B, the fixing portion 51c is a pair of protruding portions bent so as to be fixedly inserted 
into the slits (not shown) on the cartridge body 91. The central supporting portions 51e are 
narrow plates parallel to each other, extending toward the fixing portions 51c from the 
substantially center of the inner surfaces of the outer portion 51a. The central portion 51b has 
a generally rectangular shape and is supported by the central supporting portions 51e. 

[0093] Double-sided adhesive tape 5 If is applied to the bottom surfaces of the 
central portion 51b and the side of the outer portion 51a opposite to the fixing portions 51c. 
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The double-sided adhesive tape 5 If is affixed to the upper surface of the small ink pack 9a. 

[0094] As shown in Fig. 9, the small ink pack 9a is housed in the ink pack housing 
92 so that the insertion portion 9c faces and contacts the extraction opening 98. To the top 
surface of the small ink pack 9a, the upper supporting spring 51 is attached with the double- 
sided adhesive tape 51f applied to a side of the outer portion 51a and the central portion 51b 
of the upper supporting spring 51. The upper supporting spring 51 is fixed by inserting the 
fixing portions 51c into the slit (not shown) provided on the inner side of the cartridge body 
91. 

[00951 Fig- 10 is a plan view of the small ink cartridge 9 wherein the small ink pack 
9a and the upper supporting spring 51 are removed from the state shown in Fig. 9. As shown 
in Fig. 10, the lower supporting spring 52 is disposed under the small ink pack 9a. 

[0096] Fig. 8A is a plan view of the lower supporting spring 52. Fig. 8B is a side 
view of the lower supporting spring 52. Similar to the upper supporting spring 51, the lower 
supporting spring 52 is formed from a thin plate of stainless steel. The lower supporting 
spring 52 has a generally O- or square-shaped outer portion 52a, screw holes 52g, a central 
supporting portion 52e, and a central portion 52b. The screw holes 52g are provided near the 
corners on one side of the lower supporting spring 52. The central supporting portion 52e is a 
plate extending from the inner surface of a side opposite to the one having screw holes 52g. 
The central supporting portion 52e supports the central portion 52b. 

[0097] The double-sided adhesive tape 52f is applied to the upper surface of a side 
of the outer portion 52a opposite to the side having the screw holes 52g, the central portion 
52b, and the central supporting portion 52e that connects the side of the outer portion 52a 
opposite to the side having the screw holes 52g and the central portion 52b. That is, to the 
side facing to the small ink pack 9a, the adhesive tape 52f is applied. 

[0098] As shown in Fig. 10, the lower supporting spring 52 is fixed to the lower 
surface of the ink pack housing 92 of the cartridge body 91, by inserting two tapping screws 
52h into the each of two screw holes 52g. 

[0099] As shown in Fig. 2, the ink cartridges 8, 9 are disposed above the print heads 
15, 16 that supply ink to the print heads 15, 16. Since the large ink cartridges 8 and the small 
ink cartridges 9 are horizontally disposed at the same height, the ink packs 9a in the ink 
cartridges 8, 9 are disposed on a single horizontal plane. The nozzles 15a, 16a of the print 
heads 15, 16 are also located in the single horizontal plane. Therefore, the ink pack 9a of 
four color inks and the corresponding nozzles have equal height differences. Due to the equal 
height differences, the hydraulic pressures on the nozzles become equal and constant, so that 
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color ink nozzles have a uniform internal pressure and therefore the ink can be supplied 
uniformly. 

[0100] The ink pressure supplied to the print heads 15, 16 is kept at a uniform 
negative pressure, so that the each nozzle opening of the nozzles 15a, 16a have a concave 
meniscus of ink liquid. Since the internal pressure in the print heads 15, 16 is uniformly 
maintained, ink ejection characteristics of the nozzles 15a, 16a of the print heads 15, 16 can 
be maintained, so that good print quality can be maintained. In the case of the print heads 15, 
16 of this embodiment, for example, a concave meniscus of ink can be formed in each nozzle 
opening (not shown) of the nozzles 15a, 16a if the supplied ink pressure is within the range 
(operating pressure range) of approx. 0 mmAq to approx. -300 mmAq (water column) 
relative to the atmospheric pressure. The optimum operating pressure range of the print 
heads 15, 16 for print operation by the portable printer 1 of this embodiment, is from approx. 
0 mmAq to approx. -100 mmAq (water column) relative to the atmospheric pressure. In this 
embodiment, the height difference between the nozzles 15a, 16a of the print heads 15, 16 and 
the ink packs 8a, 9a is approx. 60 mm, and the negative pressures inside the ink packs 8, 9 is 
required to be within the range of approx. -90 mmAq to approx. -160 mmAq (water column). 
By the use of the upper supporting spring 51 and the lower supporting spring 52, the internal 
pressures are adjusted at appropriate negative pressures. 

[0101] A control unit 34 having a CPU, an input buffer memory, a head driving IC, 
and the like is disposed to the left side of the ink cartridges 8, 9 in the upper space la of the 
portable printer 1 in Fig. 2. Four flexible printed cables (FPCs) 35 that apply voltages to the 
print heads are connected to the control unit 34. The four head driving FPCs 35 are stacked 
near the rearward end portion of the control unit 34 (an end portion toward the rear side in 
Fig. 2) in the upper space la of the portable printer 1. The head driving FPCs 35 are then 
laminated on the forward side (in Fig. 2) of ink supply tube 12 (described below) near the 
rear end portion of the large ink cartridge 8 (an end portion toward the rear side in Fig. 2) in 
the upper space la of the portable printer 1, and connected to the upper portions of the print 
heads 15, 16. The ink supply tubes 12 are stacked vertically and connected to the ink 
cartridges 8, 9. The head driving FPCs 35 are film-like cables formed by forming electrically 
conductive wiring patterns on a polyimide substrate and covering the wiring patterns with a 
protective layer. 

[0102] Fig. 4 is a schematic partially sectional view of the portable printer 1 taken 
on line IV-IV of Fig. 1, wherein a carriage (CR) motor 30 is omitted to simplify the 
illustration. As can been seen in an upper portion of the drawing of Fig. 4, the ink extracting 
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needles 10 for the individual color inks are inserted into the ink packs 8a, 9a housed in the 
ink cartridges 8, 9. The ink extracting needles 10, provided for extracting inks from the ink 
packs 8a, 9a are formed from corrosion-resistant metallic materials, such as stainless steels 
and ceramic materials. Each ink extracting needle 10 is a hollow needle having in its distal 
end portion (the left-side end portion in Fig. 4) an extracting hole 10a that extracts an ink 
from the ink packs 8a, 9a. The extracting hole 10a of each ink extracting needle 10 is in 
communication with an internal space of the needle. Therefore, when the ink extracting 
needles 10 are inserted into the ink packs 8a, 9a, ink can flow from the ink packs 8a, 9a into 
the internal spaces of needles via the ink extraction hole 10a. 

[0103] In the large ink cartridge 8, a charging needle 70 that charges waste ink 
sucked by the purge operation (described below) and conducted to the charging needle 70 via 
a waste ink tube 66 (see Fig. 6), is disposed into a first waste ink chamber 83. 

[0104] As shown in Fig. 4, a base end portion of each ink extracting needle 10 (an 
end portion opposite to the tip end thereof, that is, an end portion in the right side in Fig. 4) 
inserted into the corresponding one of the ink pack 9a of the four colored ink, is coupled to an 
end of a generally "L"-shaped coupling member 11, near the rear end of the, upper space la of 
the portable printer 1 (the right side end thereof in Fig. 4). The other end of each coupling 
member 11 is connected to the corresponding one of the ink supply tubes 12. Each coupling 
member 1 1 has a hollow tubular shape, in which a communication hole (not shown) is 
formed to communicate with the ink extracting hole 10a of the corresponding one of the ink 
extracting needles 10. The ink supply tubes 12 are generally hollow cylindrical flexible tubes 
formed from a synthetic resin such as polypropylene, polyurethane, polyurethane, and 
polyvinyl chloride. The ink supply tubes 12 allow ink to flow therethrough in order to supply 
ink to the print heads 15, 16. 

[0105] In the embodiment, each ink supply tube 12 is formed by a TYGON® tube 
manufactured by NORTON. The wall thickness thereof is within the range of approx. 0.5 
mm to approx. 1.5 mm, the tube inside diameter is within the range of approx. 0.5 mm to 
approx. 1.5 mm. The ink supply tubes 12 in the embodiments, as for example, is a TYGON 
tube having the wall thickness of approx. 0.8 mm, an inside diameter of approx. 0.8 mm, and 
an outside diameter (equal to the sum of twice the wall thickness and the inside diameter) of 
approx. 2.4 mm. The minimum value of the radius R of curvature (minimum radius of 
curvature) of the ink supply tubes 12 in a bent state is approx. 20 mm. 

[0106] The four ink supply tubes 12 will be further described with reference to Figs. 
2 and 4. Near a substantially central portion of the rear end portion (far end side in Fig. 2) of 
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the upper space la of the portable printer 1, the ink supply tubes 12 connected to ink packs 9a 
are stacked and bundled into a vertical row by elongated rectangular annular shaped binders 
(not shown). The four head driving FPCs 35 stacked and connected to the control unit 34 are 
placed and attached onto the inward side of the curved ink supply tubes 12, that is, the 
forward side of a far-side portion thereof. The outward side of the curved ink supply tubes 
12, that is, the rearward side of a far-side portion thereof, is covered with a protective film 14 
that protects the ink supply tubes 12 from the interference with the body frame 6. 

[0107] The protective film 14 is a protective member for ensuring smooth sliding of 
the ink supply tube 12 on an inner wall of the body frame 6. The protective film 14 is 
normally a film formed from a material that achieves a low surface adhesion or tackiness. 
The protective film 14 needs to be able to support itself or retain its shape and also needs to 
be able to bend together with the ink supply tube 12 and head driving FPCs 35 so as to follow 
the movement of the print heads 15, 16. The thickness of protective film 14 is preferably 
within the range of approx. 25 mvm to 300 m m. In this embodiment, the protective film 14 
is formed by a polyethylene terephthalate (PET) film having a thickness of approx. 100 m.m. 

[0108] The head driving FPCs 35, the ink supply tubes 12 and the protective film 
14 are laminated in that order from the near side in Fig. 2, at a location near a substantially 
central portion of the rear end portion (far side in Fig. 2) of the upper space la. These 
members are bundled together at predetermined intervals by generally angled "8"-shaped 
binders 13, each of which has a wide opening and a narrow opening. The narrow opening of 
each binder 13 closely contacts and firmly holds the four stacked ink supply tubes 12 so as to 
retain the stack. The wide opening of each binder 13 is approximately four to five times as 
wide as the narrow opening. The wide opening of each binder 13 bundles the four head 
driving FPCs 35 so that the bundle of the head driving FPCs 35 is not greatly apart from the 
bundle of the four ink supply tubes 12. The wide opening of each binder 13 allows the head 
driving FPCs 35 to substantially freely slide therein. Therefore, the binders 13 secure an 
appropriate space that allow the head driving FPCs 35 to escape inward when the two 
bundles are bent, so that the bending thereof will not be impeded but can easily be performed. 
The protective film 14 is disposed on the outside of each binder 13 so as to cover the ink 
supply tubes 12. 

[0109] The four ink supply tubes 12 and the four head driving FPCs 35 are bundled 
by the binder 13 at intervals of approx. 5 cm. The two bundles are bent from a rightward 
orientation toward the near-side end of the portable printer 1 in Fig. 2 on a plane of the 
partition plate 5a while the stacks of bundles are maintained. At a location near the forward 
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end portion of the upper space la (the near side thereof in Fig. 2) of the portable printer 1, the 
bundles are bent toward the print heads, that is, leftward in Fig. 2 since the print heads 15, 16 
are at an initial position that is shown leftward. The bundles are then connected to a 
connecting portion provided in an upper portion of the print heads 15, 16. The four color 
inks are conducted to the designated print heads 15, 16 via the corresponding ink supply 
tubes 12. 

[0110] The ink supply tubes 12 are vertically stacked and bundled by the binder 13. 
This arrangement prevents the ink supply tubes 12 from hanging or bending down 
(downward in Fig. 2) due to gravity. Furthermore, the partition wall 5 a disposed below the 
ink supply tubes 12 supports the four ink supply tubes 12 from below, thereby preventing the 
ink supply tubes 12 from hanging or bending down due to gravity. Further, the ink supply 
tubes 12 are substantially sandwiched by the elastic protective film 14 and the elastic head 
driving FPCs 35, so that the stack of the ink supply tubes 12 are prevented from bending at 
sharp angles, except for the aforementioned curved portion of the stack. This arrangement 
prevents an undesired event that the stack of the ink supply tubes 12 folds or bends at a sharp 
angle so that the inward sectional area of the ink passages decreases and an energy loss of the 
inks flowing through the ink supply tubes 12 occur. Still further, the sandwich arrangement 
with the elastic members also prevents an undesired bend of the bundle of the ink supply 
tubes 12 on a protrusion 84 (shown in Fig. 4) of the waste ink reservoir 8b of the large ink 
cartridge 8, which is located inside the curve of the bundles of the ink supply tubes 12 and the 
head driving FPCs 35. 

[0111] The collective bundles of the protective film 14, the stack of the ink supply 
tube 12, and the stack of the head driving FPC will hereinafter be referred to simply as 
"harness 17". Figs. 3 A, 3B and 3C are plan sectional views of the portable printer 1 taken 
along the line III-III of Fig. 1, illustrating different states of the harness 17 assumed as the 
print heads 15, 16 moves. In Figs. 3A to 3C, unrelated portions are omitted from the 
illustration. As shown in Figs. 3 A to 3C, the harness 17 extends from the substantial central 
portion of the rear end portion of the upper space la (far side in Fig. 2), and connects to the 
upper portion of the print heads 15, 16. In Figs. 3 A to 3C, the direction indicated by an arrow 
Y is a main scanning direction. 

[0112] Fig. 3A shows a state that the print heads 15, 16 are at the initial position 
before printing, that is, the right-side print head 15 is at the left-side end of a platen that 
defines the printing area. In the state shown in Fig. 3 A, the print heads 15, 16 are at a 
leftmost position in the drawing. In this state, the left-side print head 16 is positioned over 
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the left-side flushing area 42. In this state, the protective film 14 is pressed against the 
forward wall of the body frame 6 (lower side thereof in Fig.3A) since the harness 17 tends to 
straighten due to its elasticity. When the CR motor 30 is operated upon the application of a 
voltages, and therefore moves the carriage 27 together with the print heads 15, 16 as shown in 
Fig. 2, from the aforementioned state to the right, that is, in the main scanning direction Y, 
the harness 17 connected to the print heads 15, 16 is also moved following the movement of 
the print heads 15, 16. In this case, the harness 17 moves while pressing the protective film 
14 against the forward wall (lower side in Fig.3A) of the body frame 6 so that the protective 
film 14 slides on the forward wall of the body frame 6. 

[0113] Fig. 3B shows a state that the carriage 27 has been moved in the direction Y. 
In this state, the harness 17 has progressively moved to the rearward wall (upper side in 
Fig.3B) of the body frame 6, and therefore the length of the curved portion has decreased so 
that the harness 17 is now out of the sliding contact with the forward wall (lower side in 
Fig.3B) of the body frame 6, so that no sliding resistance occurs in the respect to the forward 
wall of the body frame. Further, Fig. 3C shows the harness 17 is moved by crossing in the 
overhead of the print heads 15, 16. This permits the length of the harness 17 to be shorter, 
yet long enough to broaden the scan area of the print heads 15, 16. Therefore, the movement 
resistance of the carriage 27 has decreased, the load on the CR motor 30 has decreased. 

[0114] Fig. 3C shows a state that the carriage 27 has been further moved in the 
direction Y to the rightmost position. In this state, the right-side print head 15 is positioned 
over the right-side flushing area 41. In this state, the harness 17 is apart from the forward 
wall (lower side in Fig. 3C) of the body frame 6, so that no sliding resistance occurs in 
respect to the forward wall of the body frame 6. Further, Fig. 3C shows the harness 17 is 
moved by crossing in the overhead of the print heads 15, 16. This permits the length of the 
harness 17 to be shorter, yet long enough to broaden the scan area of the print heads 15, 16. 

[0115] Although the foregoing embodiment pursues a compact design of the print 
heads by providing rows of nozzle openings for two colors in each print head, it is also 
possible to provide rows of nozzle openings for the color ink in respective print heads. 
Selecting one of these print head structures is based on the balance between the production 
costs and compact design requirements. Therefore, the number of heads employed is not 
limited to two, but may also be more than two. 

[0116] In Fig. 4, an arrow X indicates the print sheet PP conveying direction. As 
shown in Fig. 4, a insert opening 22 to insert unused print sheets PP, is formed in the 
rearward lower portion (right side in Fig. 4) of the printer body 3. Disposed downstream of 
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the insert opening 22 in the direction of conveyance of each print sheet PP inserted into the 
insert opening 22 are a conveying roller 23 that conveys each print sheet PP and a pressure 
roller 24 that presses the print sheet PP against the conveying roller 23. The conveying roller 
23 is driven by a line feed (LF) motor 31. The conveying roller 23 and the pressure roller 24 
cooperate to convey each print sheet PP while pressing and clamping the sheet. 

[0117] Disposed downstream of the conveying roller 23 and the pressure roller 24 
are a discharge roller 25 driven by the LF motor 31 to discharge the print sheet PP conveyed 
from the conveying roller 23 out of the printer body 3, and a pressure roller 26 that presses 
the print sheet PP against the discharge roller 25. The discharge roller 25 and the a pressure 
roller 26 cooperate to discharge each print sheet PP via the sheet discharge opening 4. 

[0118] The print heads 15, 16 are disposed over the print sheet PP positioned 
between the conveying roller 23 and the discharge roller 25. The print heads 15, 16 are 
detachably mounted on the carriage 27 which reciprocatingly moves in the directions 
substantially perpendicular to the sheet of the drawing of Fig. 4, that is, the direction 
indicated by the arrow Y in Fig. 2 and the opposite direction, along the guide bar 29 
supported by the body frame 6 of the printer body 3. The surfaces of the print heads 15, 16 
facing the print sheet PP have the nozzles 15a, 16a that eject the ink to the print sheet PP held 
by the conveying roller 23 and the like. 

[0119] The carriage 27 on which the print heads 15, 16 are mounted will be 
explained with reference to Figs. 2 to 4. The carriage 27 positioned in the lower space lb is 
supported by the guide bar 29, which extends through a rear portion of the carriage 27 (right- 
side portion thereof in Fig. 4) in the main scanning direction. The carriage 27 is movable in 
the main scanning direction, guided by the guide bar 29. A driving pulley 38 is connected to 
a rotating shaft of the CR motor 30 disposed at the right-side end in Fig. 2. The driving 
pulley 38 and a following pulley 39 disposed at the left-side end in Fig. 2 are connected by a 
timing belt 36. The carriage 27 is fixed by a portion of the timing belt 36. When a voltage is 
applied to the CR motor 30 by the control unit 34, the CR motor 30 operates to rotate the 
driving pulley 38 and therefore the timing belt 36. In this manner, the carriage 27 is moved 
along the guide bar 29 in the main scanning direction (the direction of the arrow Y in Fig. 2 
and the opposite direction). A timing fence 33 that recognizes the position of the carriage 27 
is provided on the rear side of the carriage 27 (the right side thereof in Fig. 2) 

[0120] Fig. 5 is a sectional view of the portable printer 1 taken on line V-V of Fig. 
4. In Fig. 5, an arrow Y indicates the direction of movement of the carriage 27. The central 
portion of the discharge roller 25 is omitted in Fig. 5. 



19 

[0121] As shown in Fig. 5, the CR motor 30 that supplies driving force to 
reciprocatingly move the carriage 27 in the right-to-left directions in Fig. 5 (the direction of 
the arrow Y and the opposite direction) is disposed on an upper portion of the body frame 6, 
in a right-side portion of the printer body 3. Disposed below the CR motor 30 is the LF 
motor 31 that rotates the conveying roller 23 and discharge roller 25. 

[0122] The portable printer 1 of this embodiment performs the flushing operation in 
the flushing areas 41 , 42 at the start and end of each printing operation and at every elapse of 
10 seconds during the printing operation. The ink is ejected to a pre-disposed ink absorber in 
order to renew the ink whose viscosity has increased due to long-time dwelling in nozzle 
opening. The clogging of the nozzles openings is thereby prevented. 

[0123] The purge operation and a mechanism thereof will be described below. 
Similar to the flushing operation, the purge operation is mainly intended to prevent the 
clogging of the nozzles 15a, 16a of the print heads 15, 16. When the printer is not used, the 
print heads 15, 16 are covered with the caps 62, 63 in order to substantially prevent the print 
heads 15, 16 from drying. However, the actual sealing of the caps 62, 63 is not perfect, so 
that ink in the print heads 15, 16 gradually dries although the heads are covered with the caps 
62, 63. Therefore, if the printer is left unused for a long time, ink in the nozzles 15a, 16a 
become dry and viscous so that the ink might not be removed by the flushing operation. In 
such a case, by the use of the caps 62, 63, a suction pump 65 is operated forcibly discharge 
the highly viscous ink from the nozzles 15a, 16a. 

[0124] The method of operating the portable printer 1 will be described with 
reference to Figs. 2 and 4. When the power is turned on after the cartridges 8, 9 have been 
set, the purge operation of sucking ink from the nozzle openings to discharge dry ink or ink 
containing air bubbles or dirt or the like before printing is started, in order to ensure good 
quality printing. As the initial position at the time of power-on, the nozzles 15a, 16a of the 
print heads 15, 16 are tightly sealed with the caps 62, 63. Therefore, the driving power is 
transmitted to the pump driving gear 61 from the LF motor 31 via the LF motor gear 37 to 
perform the purge operation, as shown in Fig. 6. 

[0125] After that, the operation of the carriage 27 is checked, and the carriage 27 is 
stopped at the initial position for the start of printing. When an unused print sheet PP is 
inserted into the insert opening 22 of the portable printer 1, the print sheet PP is conveyed 
below the print heads 15, 16 by the pressure roller 24 and the conveying roller 23 rotated by 
the LF motor 31. When the print sheet PP passes under the print heads 15, 16 which 
reciprocatingly move in the main scanning direction, that is, the direction of the arrow Y and 
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the opposite direction, the print sheet PP is printed by inks ejected from the nozzles 15a, 16a 
of the print heads 15, 16. 

[0126] Each of the four colored ink flows from the ink packs 9a of the ink 
cartridges 8, 9 into the corresponding ink extracting needles 10 inserted into the each of ink 
packs 8a, 9a, via the extracting holes of the ink extracting needles 10. The ink flows from the 
ink extracting needles 10 into the four ink supply tubes 12 via the communication openings 
(not shown) of the coupling members 11. The ink is thus supplied into the print heads 15, 16, 
so that the ink can be ejected from the nozzles 15a, 16a of the print heads 15, 16. After 
printing, the printed print sheet PP is discharged out of the sheet discharge opening 4 by the 
pressure roller 26 and the discharge roller 25 rotated by the LF motor 31. 

[01271 As described above, the print heads 15, 16 mounted on the carriage 27 
driven by the CR motor 30, perform printing by ejecting the ink from the nozzles 15a, 16a 
while being reciprocatingly moved in the lower space lb of the portable printer 1 in the 
direction of the arrow Y shown in Fig. 2 and in the opposite direction. As the print heads 15, 
16 mounted on the carriage 27 reciprocatingly move in this manner, the four ink supply tubes 
12 connected to the upper portion of the print heads 15, 16 also move reciporcatingly. When 
the print heads 15, 16 move to the right-side portion (right side in Fig. 2) in the lower space 
lb of the portable printer 1, portions of the ink supply tubes 12 closer to the print heads 15, 
16 are curved. The curved portion (bend or folded portion) of the stack of the ink supply 
tubes 12 is supported by the partition plate 5a disposed in the upper space la of the portable 
printer 1. The ink supply tubes 12 are curved toward the connecting portion provided in the 
upper portion of the print heads 15, 16 disposed in the upper space la of the portable printer 
1. 

[0128] The flushing operation is performed at the start and end of printing and at 
every elapse of approx. 10 seconds during printing, by withdrawing the print heads 15, 16 
into either one of the flushing areas. After printing, the carriage 27 stops at a position over on 
the caps 62, 63, and then the purge operation is performed once by transmitting driving force 
from the LF motor 31 to the pump driving gear 61 via the LF motor gear 37. The caps 62, 63 
are raised and stopped to tightly cover the nozzles 15a, 16a in order to prevent the nozzles 
15a, 16a from drying while the nozzles 15 a, 16a are left unoperated. 

[0129] The mechanism common to the ink cartridges 8, 9 of this embodiment will 
be described in detail, taking the small ink cartridge 9 as an example. Fig. 1 1 is a schematic 
sectional view of the small ink pack 9a taken on line XI-XI of Fig. 6, illustrating a state that 
the small ink pack 9a is filled up with ink. In this state, the small ink pack 9a fully contains 
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the ink therein. The small ink pack 9a is disposed in the ink pack housing 92 so that the 
small ink pack 9a occupies the whole space of the ink pack housing 92. As shown in Fig. 7B, 
the angle formed by the fixing portion 51c and the outer portion 51a are approximately 110 
degrees when the upper supporting spring 51 is in a free state. In the state shown in Fig. 11, 
the angle formed between the fixing portion 51c and the outer portion 51a is approximately 
90 degrees, since the fixing portion 51c is fixed on the cartridge body 91 and the lower 
surface of the upper supporting spring 51 is attached to the upper surface of the small ink 
pack 9a. Due to the elasticity of upper supporting spring 51, the upper supporting spring 51 
urges/pulls the small ink pack 9a to the upper side of the figure, applying negative pressures 
to the small ink pack 9a. While the upper supporting spring 51 is urging/pulling the small ink 
pack 9a upwardly, the small ink pack 9a is held in a posture with a small space maintained at 
the ceiling of the ink pack housing 92 of the cartridge body 91 . 

[0130] The lower supporting spring 52 is substantially in contact with the lower 
surface of the ink pack housing 92. Fig. 1 1 shows the position of the ink extracting needle 10 
inserted into the small ink pack 9a. The ink extracting needle 10 is inserted into the insert 
portion 9c in the substantially central portion of the small ink pack 9a when the upper and 
lower surfaces thereof are fixedly attached to the upper supporting spring 51 and the lower 
supporting spring 52 

[0131] When the ink is used and the volume of the ink contained in the small ink 
pack 9a decreases, the bag of the small ink pack 9a deforms downwardly by the atmospheric 
pressure and the volume of the small ink pack 9a decreases in accordance with the volume of 
the ink therein. According to the downward deformation of the bag of the small ink pack 9a, 
the upper supporting spring 51 is pulled downwardly with the tape application sections 5 Id 
on the outer portion 51a as well as the tape application sections 5 Id on the central portion 
51b attached to the small ink pack 9a. Since the central portion 51b is supported by the 
relatively narrow central supporting portions 51e with low elasticity, the central portion 51b 
follows the deformation of the small ink pack 9a flexibly. 

[0132] When the small ink pack 9a deforms upwardly due to the decreases in the 
volume of the small ink pack 9a, the lower supporting spring 52 is raised with the tape 
application section 52d of connected area on the outer surface 52a, the central portion 52b, 
and the central supporting portions 52e, following the deformation of the small ink pack 9a. 

[0133] While the upper supporting spring 51 and the lower supporting spring 52 are 
following the deformation of the small ink pack 9a, the appropriate negative pressures are 
applied to the small ink pack 9a, and the pressures of the ink in the small ink pack 9a can be 
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adjusted at appropriate negative pressures. If the upper supporting spring 51 and the lower 
supporting spring 52 are not used, the internal pressures of the ink in the small ink pack 9a 
having relatively low in rigidity and strength on the walls thereof, are applied up to 
approximately 1 atmospheric pressure, unless the walls of the small ink pack 9a are formed 
from materials having the high rigidity and strength. Furthermore, the height difference 
between the print heads 15, 16 and the ink pack 9a is approx. 60 mm in this embodiment. 
Due to the height difference, the hydraulic pressure of approx. 60 Aq (water column) is also 
applied to the print heads 15, 16. Therefore, meniscuses cannot be properly formed in the 
nozzles openings of the print heads 15, 16, resulting in excessive amounts of ink droplets 
ejected, splattered inks, and the like. 

[0134] A conventional ink pack will be described below with reference to Figs. 13 
and 14. Fig. 13 shows a state that the conventional small ink pack 109a is filled up with ink. 
In the conventional ink cartridges, the upper supporting spring 151 is constructed as the same 
as that of this embodiment, while the lower supporting spring is not used. The small ink pack 
109a is directly adhered to the lower surface of the ink pack housing 192. In this state, any 
major differences cannot be observed with the ink cartridge of this embodiment shown in Fig. 
11. As the ink is used and the volume of the ink contained in the small ink pack 109a 
decreases, the upper supporting spring 151 bends down to follow the deformation of the 
small ink pack 109a and applies negative pressures thereto. However, the lower surface of 
the small ink pack 109a will not deform since it is adhered to the lower surface of the ink 
pack housing 192. As the volume of the small ink pack 109a decreases and the inner surface 
of the upper side of the small ink pack 109a makes contact with the ink extracting needle 1 10, 
the small ink pack 109a will not be able to deform any further. In this state, the ink cannot be 
extracted or supplied to a print head (not shown) due to the excessive negative pressures 
applied. Therefore, the ink cannot be ejected for printing. Ink remains in the small ink pack 
109a and may be unused. The small ink cartridge 109 with the ink remaining has to be 
disposed of and the ink is wasted. Also, the time during which the ink can be continuously 
used becomes short, regardless of the ink contained in a small ink cartridge 109 at the 
beginning of its use. 

[0135] The disposition of the ink extracting needle 10 at the lower position close to 
the lower surface of the ink pack housing 92 is considered. When the distal end of the ink 
extracting needle 10 is inserted into the wall of the bag of the small ink pack 9a, it needs to be 
inserted perpendicular to the wall of the bag of the small ink pack 9a. Otherwise, the ink 
extracting needle 10 will not be able to be inserted into the bag of the small ink pack 9a, or 
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when the ink extracting needle 10 is inserted at an angle, ink may leak therefrom. Therefore, 
the ink extracting needle 10 cannot be disposed at the position far away from the central 
portion. 

[0136] In the ink cartridges 8, 9 of this embodiment, appropriate negative pressures 
can be maintained from the start to the end of the ink usage, and ink is supplied without any 
ink being wasted, as described above taking the small ink cartridge 9 as an example. 

[0137] While this invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, the preferred embodiments of the invention 
as set forth herein are intended to be illustrative, not limiting. Various changes may be made 
without departing from the spirit and scope of the invention as defined in the following 
claims. 

[0138] For example, the upper supporting spring 5 1 and the lower supporting spring 
52 may be uniformly formed by a thin plate, although the upper supporting spring 51 and the 
lower supporting spring 52 are formed by a separate member in this embodiment. More 
specifically, a connecting portion that extends outwardly from the outer portion 52a of the 
lower supporting spring 52 and is connected to the fixing portion 51c of the upper supporting 
spring 51 may be provided. The structure allows the punching process of materials only 
once. Furthermore, the lower supporting spring 52 does not have to be fixed to the housing. 

[0139] A second embodiment of the invention will be described in detail below. 
The structure common to the ink cartridges 8, 9 will be described in detail, taking the small 
ink cartridge 9 as an example. 

[0140] Fig. 16A is a plan view of a supporting spring 251 and an engagement 
portion 252 before they are engaged with each other. Fig. 16B is a plan view of the 
supporting spring 251 and the engagement portion 252 engaged with each other. Fig. 20 is a 
schematic sectional view of the small ink pack 9 taken on line XI-XI of Fig. 6, illustrating a 
state that the small ink pack 9a is filled up with ink The supporting spring 251 and the 
engagement portion 252 will be described below with reference to Figs. 16 and 20. 

[0141] As shown in Fig. 16A, the supporting spring 251 is formed by punching and 
bending an elastic plate spring made of a thin plate of stainless steel. The supporting spring 
251 has a substantially C-shaped outer portion 251a and a fixing portion 251c. The fixing 
portions 251c are a pair of protruding portions bent so as to be fixedly inserted into the slits 
(not shown) on the cartridge body 91 (see Fig. 20). To the opposite side of the fixing 
portions 251c, an engagement catch 251b is provided. As shown in Fig. 20, the engagement 
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catch 251b is bent downwardly and then bent horizontally to the direction of the end of the 
engagement catch 251b (direction opposite to the fixing portions 251c). The engagement 
catch 251b is inserted into an engagement groove 252b of the engagement portion 252 
(described below) and is engaged in the edge of the engagement groove 252b. 

[0142] In the above-described structure, the angle formed between the fixing 
portion 251c fixed into the cartridge body 91 and the outer portion 251a fixed to the small ink 
pack 9a via the engagement portion 252 is smaller than that formed between the fixing 
portion 251c and the outer portion 251a when they are in a free state. The fixing portion 
251c fixed into the cartridge body 91 and the outer portion 251a fixed to the small ink pack 
9a via the engagement portion 252 tends to restore the original angle due to the elasticity of 
the supporting spring 251. Since the fixing portion 251c is fixedly inserted into the slit (not 
shown) on the cartridge body 91, the supporting spring 251 pulls the outer portion 251a fixed 
to the small ink pack 9a via the engagement portion 252 upwardly by applying urging forces 
to the wall of the bag of the small ink pack 9a so as to restore the original angle. Since the 
wall of the bag of the small ink pack 9a is urged/pulled to the direction that the volumes of 
the bag is enlarged, the pressure applied to the liquid ink in the bag decreases if the contents 
in the bag is the same, and appropriate negative pressures can be applied to the liquid ink. 

[0143] The lower surface of the engagement portion 252 is attached to the top 
surface of the small ink pack 9a with the a double-sided adhesive tape applied to the tape 
application section. As can be seen in Fig. 20, the body 252a of the engagement portion 252 
has a cross section of a convex shape in the right-to-left directions in Fig. 16A. Provided in 
the convex central portion is the engagement groove 252b. The engagement catch 251b is 
inserted into the engagement groove 252b and engaged in the end-side edge (right-side edge 
thereof in Fig. 20) of the engagement groove 252b, and urging forces applied by the 
supporting spring 251 are transmitted to the small ink pack 9a. Protrusions of guide lugs 
252c are provided on the engagement portion 252 at the top and bottom ends in Fig. 16A. 
The guide lugs 252c are fitted into the grooves on a pair of guide rails 253 provided on the 
opposite inner faces of the ink pack housing 92 of the cartridge body 91. The guide lugs 
252c fitted into the grooves on the guide rails 253 slide therealong. The two guide rails 253 
provided horizontally and vertically regulate the position of the engagement portion 252 in 
the horizontal direction and guides its movement in the vertical direction according to the 
decrease in inks contained in the small pack 9a. 

[0144] Fig. 18 is a schematic figure showing the relationship between the 
supporting spring 251 and the engagement portion 252 of the second embodiment structured 
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as described above. Dl in Fig. 18 indicates the thickness of the small ink pack 9a when the 
ink is filled up in the small ink pack 9a. D2 in Fig. 18 indicates the thickness of the small ink 
pack 9a when the amount of the ink contained in the small ink pack 9a decreases and where 
the engagement catch 251b is released from the engagement groove 252b. PO indicates the 
center when the supporting spring 251 bends. LI indicates the horizontal distance between 
the PO and the end of the engagement catch 251b. L2 indicates the distance between the PO 
and the end-side edge of the engagement groove 252b of the engagement portion 252. PI 
indicates the position of the end of the engagement catch 251b when the ink is filled up in the 
small ink pack 9a. P3 indicates the position of the end-side edge of the engagement groove 
252b of the engagement portion 252 when the ink is filled up in the small ink pack 9a. The 
engaging length of the engagement catch 251b and the engagement groove 252b is obtained 
by LI minus L2. Since the LI is longer than L2 when the ink is filled up in the small ink 
pack 9a, the supporting spring 251 is engaged in the engagement portion 252. 

[0145] When the ink in the small ink pack 9a is used, the end of the engagement 
catch 251b in the position PI gradually moves down along an arc with respect to the point PO, 
and the position of the end of the engagement catch 251b moves toward the left side in Fig. 
18. When the end of the engagement catch 251b reaches P2 as the ink decreases, LI 
becomes equal to L2. In this case, the end of the engagement catch 251b and the edge of the 
engagement groove 252b are unable to engage, and the supporting spring 251 springs up by 
its elasticity. Therefore, the small ink pack 9a does not receive urging forces from the 
supporting spring 251 after the engagement catch 251b is released from the edge of the 
engagement groove 252b. That is, negative pressures are then applied to the ink contained in 
the small ink pack 9a by the elasticity due to the rigidity and strength of the small ink pack 
9a. 

[0146] The mechanism common to the ink cartridges 8, 9 will be described in 
detail, taking the small ink cartridge 9 as an example. Fig. 20 is a plane sectional view of the 
small ink pack 9a taken on line XI-XI of Fig. 6, illustrating the small ink pack 9a filled up 
with ink. In this state, the small ink pack 9a fully contains the ink therein. The supporting 
spring 251 urges/pulls the small ink pack 9a upwardly by its elasticity to apply negative 
pressures thereto. The amount of movement or deformation of the supporting spring 251 is 
small when the ink pack 9a is filled up with ink, and the urging forces applied are relatively 
small. 

[0147] The lower surface of the small ink pack 9a is attached to the lower surface of 
the ink pack housing 92 with double-sided adhesive tape. When the ink is used and the 



26 

volume of the ink in the small ink pack 9a decreases, the small ink pack 9a deforms due to 
the atmospheric pressure in accordance with the volume of the ink in the small ink pack 9a. 
According to the downward deformation of the small ink pack 9a, the supporting spring 251 
is pulled downwardly with the engagement catch 251b inserted into the engagement portion 
252 adhered to the small ink pack 9a. The amount of movement or deformation of the 
supporting spring 25 1 becomes larger as the ink is used and the volume of the ink in the small 
ink pack 9a decreases, and the urging forces applied become gradually larger. 

[0148] Fig. 21 shows the small ink pack 9a containing less ink than that shown in 
Fig. 20, due to the use of ink. According to the decrease in the volume of the small pack 9a 
from the state shown in Fig. 20, the engagement portion 252 adhered to the small ink pack 9a 
moves vertically down with the positions of guide lugs 252c horizontally regulated by the 
guide rails 253. In this state, the end of the engagement catch 251b is engaged in the edge of 
the engagement groove 252b, and the supporting spring 251 urges/pulls the small ink pack 9a 
so as to apply negative pressures. 

[0149] Fig. 22 shows the small ink pack 9a containing less ink than that shown in 
Fig. 21, due to further use of ink. According to the decrease in the volume of the small pack 
9a from the state shown in Fig. 21, the engagement portion 252 adhered to the small ink pack 
9a moves vertically down with the positions of the guide lugs 252c horizontally regulated by 
the guide rails 253. In this state, the engagement catch 251b at the end of the supporting 
spring 251 is not engaged in but released from the edge of the engagement groove 252b of 
the engagement portion 252. 

[0150] Fig. 23 shows the condition of the small ink pack 9a after the engagement 
catch 251b is released from the engagement groove 252b. As shown in Fig. 23, the 
engagement catch 251b has been sprung up due to the elasticity of the outer portion 251a. 
Thereafter, the supporting spring 251 does not urge/pull the small ink pack 9a upwardly. 

[0151] Taking the small ink pack 9a as an example, the relationship between the 
amount of ink used from the ink packs 9a and the internal pressure therein. Fig. 24 is a graph 
showing the relationship between the amount of ink used from the small ink pack 9a and the 
internal pressure therein. The vertical line indicates the internal pressure applied to the liquid 
ink in the small ink pack 9a. The internal pressure is expressed in the unit of mmAq (water 
column). The horizontal axis indicates the amount of ink used from the small ink pack 9a. 
The amount of ink used from the small ink pack 9a is expressed in the unit of ml. The curve 
Gl starting with a dashed line and then connected to a solid line, indicates the negative 
pressure due to the elasticity of the small ink pack 9a. The curve G2 starting with a solid line 
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and then connected to a dashed line, indicates the negative pressure applied by the supporting 
spring 251. To form proper meniscuses as described above, the pressure needs to fall within 
the range of 0 mmAq (water column) to -300 mmAq (water column), preferably within the 
range of -60 mmAq (water column) to -160 mmAq (water column) in the small ink pack 9a. 

[0152] If only the elasticity of the small ink pack 9a is used to apply the negative 
pressure thereto, the internal pressure of the small ink pack 9a is 0 mmAq (water column) at 
the start of its use, which is above -60 mmAq (water column) of the preferable negative 
pressure. Consequently, excessive amounts of ink droplets may be ejected or ink may be 
splattered. If the supporting spring 251 is used to urge/pull the small ink pack 9a upwardly, 
the internal pressure of the small ink pack 9a at the start of its use is under -60 mmAq (water 
column) and falls within the preferable range, as indicated by the curve G2. Therefore, 
appropriate negative pressure to form the proper meniscuses is obtained and proper printing 
can be performed. 

[0153] If the small ink pack 9a from which the ink of approx. 1.5 ml is used, is 
continuously urged/pulled by the supporting spring 251, the amount of deformation of the 
supporting spring 251 becomes large and excessive urging forces are applied to the small ink 
pack 9a. When the excessive urging forces are applied, the internal pressure of the small ink 
pack 9a is below the preferably negative pressure of -160 mmAq (water column). 
Consequently, ink may be blurred or it may not be ejected. In this case, if the small ink pack 
9a is urged/pulled by its elasticity, the internal pressure of the small ink pack 9a falls within 
the preferable range of -160 mmAq (water column) and -60 mmAq (water column). 

[0154] When the approximately 1.5 ml of ink is used from the small ink pack 9a, 
the supporting spring 251 is released from the engagement portion 252 and does not urge/pull 
the small ink pack 9a upwardly. This will be further explained with reference to Fig. 24. If 
less than 1.5 ml of ink is used from the small ink pack 9a, the supporting spring 251 
urges/pulls the small ink pack 9a upwardly and appropriate negative pressure can be 
maintained as indicated by the curve G2. If approximately 1.5 ml of ink is used, the 
supporting spring 251 stops urging/pulling the small ink pack 9a upwardly by the above- 
described structure. Thereafter, as the internal pressure of the small ink pack 9a is expressed 
by the curve Gl via line G3, the appropriate negative pressure can be maintained when more 
than 1.5 ml of ink is used. Although the foregoing second embodiment is described above 
taking the small ink cartridge 9 as an example, the same structure and the same principle as 
the small ink pack 9a are applied to the large ink pack, and the internal pressure of the large 
ink pack can be maintained at the appropriate negative pressures. 
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[0155] The above-described second embodiment is an example and the above- 
described conditions will vary according to printing apparatus, materials and sizes of the bag 
of the ink pack, urging/pulling mechanism to be used, and the like. The important point is to 
supply ink by applying appropriate negative pressures to ink supply sources using a plurality 
of urging/pulling mechanisms at the right timing. 

[0156] As explained above, the ink cartridges 8, 9 of the second embodiment supply 
ink by maintaining the appropriate negative pressure from the start to the end of the ink 
usage. 

[0157] While this invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, the preferred embodiments of the invention 
as set forth herein are intended to be illustrative, not limiting. Various changes may be made 
without departing from the spirit and scope of the invention as defined in the following 
claims. 

[0158] For example, in addition to the structure described in the second 
embodiment, it is desirable to provide an engagement catch guide 254 to precisely regulate 
the position of the engagement catch 251b. Fig. 25 A shows the construction of the 
engagement catch guide 254. The engagement catch guide 254 includes a supporting spring- 
side guide 254a and a cartridge body-side guide 254b. As shown in Fig. 25A, the 
engagement catch guide 254 (supporting spring-side guide 254a) is provided on the 
supporting spring 251. The supporting spring-side guide 254a is a pair of protrusions 
extending outwardly and symmetrically from the outer portion 251a of the supporting spring 
251 near the end side of the supporting spring 251. The supporting spring-side guide 254a is 
provided parallel to the end of the engagement catch 251b. As shown in Fig. 25B, the 
engagement catch guide 254 (cartridge body-side guide 254b) is provided on the lower 
surface of the ink pack housing 92 of the cartridge body 91 so as to contact to the supporting 
spring-side guide 254a at the end-side (right side thereof in Fig. 25). 

[0159] The action of the engagement catch guide 254a is explained with reference 
to Figs. 26A, 26B, and 26C. Fig. 26A shows the small ink pack 9a filled up with ink. In this 
state, the supporting spring-side guide 254a and the cartridge body-side guide 254b of the 
engagement catch guide 254 do not contact each other but stay slightly away from each other. 
Therefore, the supporting spring-side guide 254a and the cartridge body-side guide 254b do 
not interact with each other. 

[0160] Fig. 26B shows the supporting spring 251 bending down due to the use of 
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ink from the small ink pack 9a. In this state, the supporting spring-side guide 254a and the 
cartridge body-side guide 254b of the engagement catch guide 254 contact each other. The 
cartridge body-side guide 254b does not move since it is fixed on the cartridge body 91. On 
the other hand, the supporting spring-side guide 254a is able to move slightly to the right-to- 
left side in Fig. 26 since the supporting spring 251 is elastic. Due to the slight movement of 
the supporting spring 251, the timing in releasing the supporting spring 251 from the 
engagement portion 252 might be thrown off from the predetermined timing. By contacting 
the supporting spring-side guide 254a to the cartridge body-side guide 254b, the position of 
the supporting plate 251 can be precisely regulated, and the engagement catch 251b can be 
released from the engagement portion 252 at the right timing, as shown in Fig. 26C. With the 
engagement catch guide 254, the supporting spring 251 can be released at the precise position 
in accordance with the amount of the ink used. 

[0161] As shown in Fig. 19, the engagement catch with a straight end may be used. 
[0162] The urging/pulling mechanism is not limited to plate springs, but various 
kinds of mechanisms may be used. The urging/pulling mechanism using the elasticity of the 
ink pack as described in the second embodiment, as well as attaching the plate spring to a bag 
of an ink pack may be used. 

[0163] As described above in conjunction with the second embodiments, the 
invention is not limited to ink jet type print heads, but may be applied to other types of print 
heads that eject ink onto the recording medium for printing. Moreover, this invention can be 
applied to ink transfer type printers. 

[0164] As is apparent from the foregoing description, the ink cartridge of this 
invention includes a flexible bag of an ink pack that contains a liquid ink, a housing that 
houses the ink pack and has a box shape, an ink extracting portion provided at a side surface 
of the housing, into which a hollow ink extracting needle is inserted for extracting the ink 
from the ink pack contained in the housing, and a pair of plate springs provided so as to 
dispose the ink extracting portion therebetween and movably supported with one end thereof 
at a portion of the housing for urging/pulling the ink pack to the directions opposite to each 
other so that the volumes of the ink pack is enlarged by fixing a portion of the plate spring to 
the ink pack. Since the ink cartridge of this invention has two plate springs, they can be 
disposed according to the shape of the ink pack, and the ink pack can be urged/pulled 
upwardly and downwardly so as to apply negative pressures thereto. The ink remained in the 
ink pack can be reduced and greater amounts of ink can be used from the ink pack 
urged/pulled by two plate springs than that urged/pulled by one plate spring, if the ink pack 
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contains the same amount of ink. Consequently, the running costs of the printer are cut down 
and the time during which the printer can continuously be used becomes long. 

[0165] Furthermore, since the two plate springs are used to urge/pull the ink pack, 
appropriate negative pressures can be applied to the ink pack in a wider range with respect to 
the amount of ink usage, than one plate spring used to apply negative pressures, wherein 
small amounts of urging/pulling forces are applied to the ink pack filled up with the ink and 
when the ink is used and the volume of the ink decreases, the greater amount of 
urging/pulling forces are applied as the application point of the urging/pulling forces is 
changed and the plate spring bends down. Since the appropriate negative pressures can be 
maintained from the start to the end of the ink usage using two plate springs, meniscuses 
(curved surfaces) of ink liquid are properly formed in the nozzles of the ink jet print head and 
the poor printing such as excessive amounts of ink droplets ejected, splattered inks, ink 
blurred, and no ink ejected will not occur. 

[01661 In the ink cartridge of the invention, at least one of the pair of plate springs 
is supported near the ink extracting portion so as to dispose the ink extracting needle 
therebetween when the ink extracting needle is inserted. Since the ink cartridge of this 
invention has two plate springs, they can be disposed according to the shape of the ink pack, 
especially according to the position of the ink extracting needle, and the ink pack can be 
urged/pulled upwardly and downwardly as to apply negative pressures thereto. The ink 
remaining in the ink pack can be reduced and greater amounts of ink can be used from the ink 
pack urged/pulled by two plate springs than that urged/pulled by one plate spring, if the ink 
pack contains the same amounts of ink. Consequently, the running costs of the printer are cut 
down and the time during which the printer can continuously be used becomes long. 

[0167] At least one of the pair of plate springs has a substantially C- or O-shaped 
outer portion whose one end is movably supported at the housing and a central portion 
movably supported with an inner surface of the outer portion at the opposite side of the 
supporting portion of the outer portion, wherein the central portion is fixed to the ink pack. 
Since the substantial length of the plate spring can be extended, the appropriate 
urging/pulling forces can be applied when the application point of the urging/pulling forces to 
the ink pack is greatly changed and appropriate negative pressure can be applied to the ink 
pack in a wide range in respect to the amount of ink usage. Since the appropriate negative 
pressure can be maintained from the start to the end of the ink usage, meniscuses (curved 
surfaces) of ink liquid are properly formed in the nozzles of the ink jet print heads and the 
poor printing such as excessive amounts of ink droplets ejected, splattered inks, ink blurred, 
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and no ink ejected will not occur. 

[0168] The substantially C- or O-shaped outer portion of the at least one of the pair 
of plate springs whose one end is movably supported at the housing, is supported at the 
portion opposite to that the outer portion of the other plate spring is supported at. Therefore, 
the two plate springs interact with each other to maintain appropriate negative pressures and 
to effectively reduce the ink remained in the ink pack. 

[0169] In the ink cartridge of this invention, the pair of plate springs are uniformly 
formed. Therefore, it becomes possible to effectively produce one piece of plate spring. 

[0170] Further, the housing contains a plurality of the ink packs. Therefore, it 
becomes possible to supply a plurality of types of ink to a printing apparatus that performs 
printing using a plurality of types of ink for color printing. 

[0171] In the ink cartridge of the invention, the ink is supplied to an ink jet print 
head included in an image forming apparatus. Therefore, it becomes possible to properly 
supply the ink to the ink jet print head of the image forming apparatus. 

[0172] The ink cartridge of the invention includes a flexible bag of an ink pack that 
contains a liquid ink, a housing that houses the ink pack, a first urging/pulling device that 
urges/pulls the bag of the ink pack to apply negative pressure to the liquid ink contained in 
the ink pack, a second urging/pulling device that applies negative pressure with a smaller 
amount of force than the first urging/pulling device does, a releasing device that releases the 
first urging/pulling device therefrom. Since the releasing device releases the first 
urging/pulling device therefrom according to the amount of ink in the ink pack, appropriate 
negative pressure can be maintained with different amounts of urging/pulling forces applied. 
By adjusting the pressure of the liquid ink to be supplied at a negative pressure appropriate 
for printing, proper meniscuses can be formed, and high-quality printing can be produced. 

[0173] The releasing device includes an engagement portion fixed to the ink pack 
and an engagement catch, provided on the first urging/pulling device, to be engaged in the 
engagement portion, wherein the engagement catch engaged in the engagement portion is 
released by the positional change of the engagement portion due to the decrease in the 
amount of ink in the ink pack. Since the releasing device releases the first urging/pulling 
device therefrom using the engagement portion that changes its position according to the 
amount of ink used, urging/pulling forces are adjusted according to the amount of ink used. 
Therefore, the appropriate urging/pulling forces are applied regardless of the amount of ink 
used, applying negative pressure appropriate for printing, to the ink. 

[0174] Further, the releasing device has the engagement portion fixed to an opposite 
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side of the ink pack fixed to the inner wall of the housing with a portion thereof and the 
engagement catch of a plate spring forming the first urging/pulling device whose one end is 
fixed to the inner wall of the housing with the predetermined supporting point, wherein the 
engagement catch is engaged in the engagement portion so as to urge/pull the ink pack for 
applying negative pressures thereto when more than a predetermined amount of liquid ink are 
filled in the ink pack, and the engagement portion releases the engagement catch therefrom 
when the predetermined amount of ink is used from the ink pack by changing its position 
downwardly from the supporting point of the first urging/pulling device as the ink is used. 
Since the walls of the ink pack deforms or moves when ink is used, when a predetermined 
amount of ink is used, the first urging/pulling device is mechanically released with the use of 
deformation or movement of the walls of the ink pack. After the first urging/pulling device is 
released, the second urging/pulling device is employed to apply appropriate urging/pulling 
forces to the ink pack. Therefore, the appropriate urging/pulling forces are applied regardless 
of the amount of ink used, applying negative pressures appropriate for printing, to the ink. 

[0175] The releasing device includes a guide member to guide the positional change 
of the engagement portion. Since the guide member guides the engagement portion, and 
regulates the path of the engagement portion according to the amount of ink used, the 
distance from the supporting points of the first urging/pulling device to the engagement 
portion is accurately regulated according to the amount of ink used, and the first 
urging/pulling device can be released at the right time when the predetermined ink is used. 

[0176] Furthermore, the releasing device includes the guide member to guide the 
end of the engagement catch. Since the engagement catch changes its position with the end 
of the engagement catch regulated by the guide member, the first urging/pulling device can 
be released at the right time when the predetermined ink is used. 

[0177] The second urging/pulling device urges/pulls the ink pack with the elasticity 
of the ink pack. Since the second urging/pulling device uses the elasticity of the ink pack, 
other urging/pulling mechanisms do not have to be provided. Therefore, the compact design 
of the ink cartridge can be pursued. 

[0178] The ink pack is urged/pulled with the rigidity and strength on the walls 
increased by the lamination of a plurality of synthetic resin films. Since the rigidity and 
strength of the walls of the ink pack is increased by the lamination of a plurality of synthetic 
resin films, the appropriate negative pressure can be applied to the ink to be supplied. 

[0179] The second urging/pulling device urges/pulls the ink pack by a plate spring 
attached to the ink pack. Since the plate spring is used to urge/pull the ink pack, the 
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appropriate urging/pulling forces can be applied regardless of the ink pack material by 
flexibly adjusting the elasticity of the plate spring. 

[0180] In the ink cartridge of the invention, a plurality of ink packs are provided. 
Therefore, it can accommodate a printing apparatus that performs color printing or that 
produces various tones of colors. 

[0181] The housing has an ink extracting portion having a rubber member into 
which a hollow ink extracting needle is inserted to extract the ink from the ink pack contained 
in the housing. Therefore, it becomes possible to extract the ink from the ink pack via the ink 
extracting needle, and the constriction of the ink pack can be simplified. Furthermore, even if 
the ink is leaked out of the portion where the ink extracting needle is inserted, the ink 
extracting portion having the rubber member prevents the ink from leaking out of the ink 
cartridge, so that the printing apparatus or its users will not be soiled with the ink. 

[0182] In the ink cartridge of the invention, the ink is supplied to an ink jet print 
head included in an image forming apparatus. The liquid ink whose pressures are kept at the 
appropriate negative pressures can be supplied to an ink jet print head which is easily affected 
especially by the negative pressures of the liquid ink to be supplied. Therefore, the 
meniscuses can properly formed, producing high-quality images. 

[0183] In the ink cartridge of the invention, the ink is supplied to the ink jet print 
head via a tube. Since appropriate negative pressure is applied to the liquid ink despite the 
pressure attributable to the height differences between the bag of the ink pack and the ink jet 
print head, the liquid ink whose pressure is kept at the appropriate pressure, can be supplied 
from the bag of the ink pack to the ink jet print head via the tube. Therefore, high-quality 
images can be produced. 



